Over 12 years, 145 patients (mean age 62.3 years) had a total of 154 anaesthetics each lasting more than 8 hours for trans-thoracic operations on the alimentary tract. Anaesthesia consisted of nitrous oxide-oxygen-curare with manual ventilation using a non-rebreathing system. The anaesthetic gases were not humidified. Twenty-seven patients died in hospital suffering from major non-pulmonary complications although all except three had a pulmonary complication as part of the fatal illness. It is concluded that the prolonged anaesthesia itself did not constitute an important hazard to these patients.
A series of anaesthetics each of more than 8 hours duration has been reviewed with special reference to pulmonary complications after operation. The aim of this study was to assess whether early pulmonary complications which might be attributed to anaesthesia, contributed significantly to the postoperative morbidity or mortality.
All the patients had trans-thoracic operations for diseases of the alimentary tract and the anaesthetic technique was essentially the same in all cases.
PATIENTS AND METHODS
During the period 1958-69,145 patients (42 females and 103 males) were anaesthetized for periods in excess of 8 hours for trans-thoracic operations on the alimentary tract. There were 154 operations lasting 8-19 hr (mean 10.1 hr) ( fig. 1 ). The mean age of the patients was 62.3 years (range 27-81 years) and all except three suffered from cancer of the oesophagus or stomach. The duration of operation was taken as the period from induction of anaesthesia until the removal of the endotracheal tube, which was usually performed within 15 min following completion of the operation. In cases of prolonged intubation in the postoperative period the time to cessation of administration of anaesthetic gases was taken instead.
The patients were premedicated with either pentobarbitone and hyoscine, or pethidine and atropine. Anaesthesia was induced with thiopentone, and endotracheal intubation performed following mittently within the first hours of the operation, and in 21 patients halothane 0.5% was added to the fresh gas flow for short periods of time. The partially collapsed upper (non-dependent) lung was expanded, immediately before closing the thorax, to ensure that no parts of the lung were resistant to inflation. A water-seal pleural drain was inserted. When the chest was closed, the lung was inflated manually until no more air escaped, either through the drainage bottle or through a small catheter inserted temporarily for injection of antibiotics into the pleural cavity. A straight X-ray of the chest was taken immediately after completion of the operation and before removal of the endotracheal tube to ensure that large degrees of lung collapse or pneumothorax were absent. Atropine 1.0 mg and neostigmine 2.5 mg were administered to the majority of patients before removal of the endotracheal tube which was performed when spontaneous ventilation was considered adequate. Before, during and after anaesthesia i.v. fluid therapy was administered and chest physiotherapy was given daily before and after the operation.
Straight X-rays of the chest were taken daily during the first 5 postoperative days, and thereafter at least once daily as long as thoracic complications were present or anticipated. Not all the X-ray plates were reviewed by us during the study, as they had been reported on by a radiologist and an experienced anaesthetist had seen each plate and agreed with the radiologist's opinion. However, to ensure that no atelectasis had been overlooked on the first day after operation, all first-day X-rays which had been reported as normal, and where it was not definitely stated that atelectasis was absent, were reviewed by one of us (J.K.). There were 69 such X-rays and in one of these striated atelectasis in the dependent lung was found.
RESULTS
No death or circulatory arrests occurred during anaesthesia or recovery from anaesthesia in this series. In two patients, who probably had received a relative overdose of tubocurarine, the endotracheal tube remained in situ and ventilation was assisted for 5 and 10 hours respectively.
Following 86 of the operations, there were no pulmonary or other complications, and the patients were discharged from hospital 2-4 weeks after the operation. A further three patients, who died in hospital as a result of haemorrhage into the mediastinum, lung embolism or acute heart failure, had no lung collapse or consolidation after operation. Transient pulmonary complications occurred in 38 patients (table I) . Figure 2 records the number of these patients who developed pulmonary complications within the first 5 days after operation related to the duration of the anaesthetic. These were treated by conventional methods: antibiotics according to the micro-organisms involved, chest physiotherapy and in some instances tracheobronchial suction. One patient had a tracheostomy to facilitate endobronchial suction. In none of these patients was respirator treatment necessary. The patient whose operation lasted 19 hours had no puknonary sequelae and she was discharged from hospital one month after the operation.
Twenty-seven patients, accounting for 31 operations, died in hospital. Table II shows the main causes of death in these patients and the number in whom puknonary complications occurred. The dura- BRITISH JOURNAL OF ANAESTHESIA tion of anaesthesia for these patients is shown in figure 3 . In five of these patients major complications were confined to the pleura and lung. One patient had a leaking drain on the first postoperative night causing an extensive pneumothorax. Death resulted from hypoxic damage to the brain and kidneys. The four other patients developed major haemo-or hydrothorax on the operated side, with pneumonia, empyema, lung collapse and, in one case, lung abscess.
DISCUSSION
For several years in our hospital patients with cancer have been subjected to prolonged surgical procedures and the time factor was considered less important than surgical detail in the production of postoperative pulmonary complication. The present report seems to support this view. Perhaps the most striking feature in the series is the small incidence of collapse in the dependent lung on the first day after operation: 4.2% compared with an earlier report of 50% on the first day after trans-thoracic repair of diaphragmatic hernias (Browne et al., 1970) . This difference might be the result of a difference in the quality of the X-ray films. However, as the X-rays in both series were taken in the ward, and X-ray technology is not notably different in Denmark and the United Kingdom, this explanation is unlikely.
The patients in the study of Browne et al. (1970) were, in common with ours, ventilated with nitrous oxide and oxygen in a non-rebreathing system, but the British workers used a volume-cycled mechanical ventilator with a minute volume of 8 litres. A possible explanation of the smaller frequency of lung collapse in our series might be that manual ventilation with possible variations in flow rate, pressure patterns, and tidal volumes, is more beneficial than a fixed pattern of ventilation.
Another factor, which may be important, is the minimal use of depressant anaesthetic agents, resulting in the patient being conscious prior to extubation and being able to co-operate and to cough.
No death could be attributed to a primary pulmonary complication. Although two patients with a lobular and a lobar collapse on the first day after operation died later from a breakdown of the anastomosis, it is unlikely that pulmonary complications contributed to the cause of death. All the severe pulmonary complications in the series occurred at Downloaded from https://academic.oup.com/bja/article-abstract/46/10/752/262621 by guest on 08 December 2018 the same time as or after major nonpulmonary complications. Figures 2 and 3 reveal that there was a higher incidence of pulmonary complications in patients for whom anaesthesia lasted 12-14 hours. This may be explained by the fact that these patients required intestinal grafting into the mediastinum following total gastrectomy and oesophageal resection-whereas patients whose surgery lasted 8-10 hours had upper gastric and lower oesophageal resections with a direct anastomosis.
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